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ALTERED PULfYlONARY HEMODY NAM I CS FOLLOW I iJG EXPER IbIENTAL 

DECOkqPRESS I O N  SICKNESS 

I n  previous repor ts  1'2'3 we have described some o f  the  patho-physioiogic 

mechanisms which occur fo l lowing experimental decompression. An irxreased 

gressure of 73.5 P S l G  was maintained f o r  60 minutes; decompression was mac- 

esed a t  the r a t e  of seven P S l G  - a l e tha l  model for mongrel dogs. 

An abrupt r i s e  i n  pulmonary a r te ry  pressure fol1ov;i ng deconrpress Ion has 

4 k e n  reported e w l  ie r .  

presence of pulmonary hemorrhage and edema o f  the pulmonary a l veo l i .  

mtrrow emboli were found occasional ly w i t h  gaseous and f a t t y  emboli. 

:hanges were found i n  the pulmonary a r te r io les .  

Histopathologic studies by our group revealed the 

Bone 

Thcse 

Subsequent studies have suggested the development of a s i g n i f i c a n t  p:atma 

d e f i c i t  t o  account f o r  the demise o f  the untreated animal.' 

plasma by dextran i n  dogs, or albumin i n  humans, 

and v i r t u a l l y  abolished the m o r t a l i t y  rates. 

Replacement ~f 
6 have s i g n i f i c a n t l y  reducsri 

A new pulmonary i so top ic  scanning technic developed i n  the dog by Taplzn 

7 and h i s  group 

extent  o f  pulmonary embolism i s  provided by scanning the pulmonary a r t e r i o l s r  

tb'ee prior t o  and immediately fo l low lng  decsnpressicn. 

provided the stimulus f o r  t h i s  study. A methcd t o  zssess the 

METHOD AND PROCEDURES 

Slxtoen dogs were used i n  the  study. 

l o  Radioisotopic scanning 

One hundred and twen ty4 i ve  Micro-Cwies of R l S A  1 131 i s  in jected 

fntrovenously i n  the animals. 

with - I31 are of macro-aggregate s i ze  (A0 micr). 

Tne albumin p a r t i c l e $  p rev iou f l y  !cd:nsLa-l 

Work by T a p l i r  and h i s  
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cr-workers have demonstrated temporary biockage at the arteriolar-capillsry 

junction. A nineteen hole focusing collimater is employed. Scenn~r.3 i s  

?erformed c!ose to the skin - with the focal point 34 inches bel04 thn, pcsteriot- 

rib cage. 

2. Chamber procedure 

All 16 mongrel dogs are splenectomized and allowed a 3-4 week re- 

covery period. 

selected prior baseline scans having been previously obtalned. 

On the day of overcompression decompression 2 animals are 

The animals are anesthetized and overcompressed using a regimen 

we reported earl ier. 

3. Therapeutic reglmen 

a. Control 0 Following decompression one of the animals remains 

as the control while the second animal i s  treated with Intravenous Dextran 

350-500 mlo 

pression, and on a daily to biweekly basis for 1-3 months. 

?ost chamber lung scans are obtained !* to 3 hrs. after decm-3 

RESULTS 

cn Untreated controls 

1 )  Radioisotopic Lung Scan 

A i l  eight animals in the control gro:~:, sxpired 1 to 6 hours 

f.3?lowing decompression. Radioisotopic lung scans reveaied an increase 

i n  radioactivity in both lung fields. (fig, la, lb) 

2) 

(fig. 2) 

Pathologic sections revealed pulmonary hemorrhage with marked erlem, 

b. Animals Treated following Decompression 

1 )  Baseline 

Eight animals with prior baseline scans were evaluated follow’ng 
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I decompression. Dexiiaii f :ufd replacement had been emp!oyed as descriLed 

I earlier, Cold meas were observed in the upper left lobar iung fields4 

1 

I 

2) A xypical sequence of lung scans Pollowins dezompression Is illustra- 

ted in fig, 3a, b, c, d. 

Radioisotopic lung scans revealed disappearance of the cold areas 

within 48 hours. (fig. 3c) 

~ 

A second illustrative experiment (fig. 4a and 4b) also demonstrates 

l a cold area developing several hours after decompress!on, Again resalu- 

tion occurred after several days. 

12 and 33 days after decompression (fig. 4c and 4d) 

These changes are no ionger present 

DISCUSSION 

I ’  An abrupt rise In pulmonary arterial pressure f o l  lowIng significant 

ciecompression may be attributed to the development of moderate pulmonary 

aiterio1ar:~capillary blockade. Our previous studies would suggest that the 

pulmonary embol i responsible for the a1 tered hemodynamic changes 3i-e fctty- 

gaseous particles. The pulmonary scans demarcate areas af emboli by marking 

tkte cold areas in the upper lobes, Baseline pre-chamber scans in ;heae 

animals were free of such cold areas. 

The pulmonary emboli apparently disappear in the dextran treated animals 

w:th:n 48 hours. The exact sequence af evefits occurring in the eight dogs 

still surviving two years since decompression needs to be elucidated. Fur- 

ther studies wlth biopsy of the involved sites is underway, Apparently, 

maintenance of an effective pulmonary arterial circulation - a meclmnism 
accomplished by dextran replacement - :s a major factor. 
mechanism is the development of collateral circulation in the involved drew, 

A second probable 

This  apparently occurs within 48 hours since the coid areas are no longer 
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present a f t e r  t h i s  pcricrd. Although cmjectutal,  the development of AeV 

shunts i n i t i a l l y  i n  these areas i s  another d i s t i n c t  p o s s i b i l i t y .  

Pi 
I 
I 

The pulmonary scan i s  being fu r the r  evaluetec! i n  our laboratwy.  

be l i eve  t h a t  semi-quanti tat ion o f  the scan i s  necessary and pcssibie. 

We 

Only 

l w g e  macroscopic co ld  areas are detected a t  present. Subjecting the radio- 

ac t i ve  detectors ( c o l l  imators) t o  a va r ie t y  of  f 11 t e r i n g  devices t o  scredn 

ou t  various energy l eve l s  i s  c l e a r l y  indicated. 

data which can then be evaluated by computer techniques i s  now underway i n  

The acqu is i t i on  of such 

oitr iaboratories. 

Worth mentioning are the overal t  ob jec t i ves  of t h i s  long range studyo 

We have described many o f  the hemcdynemic and pathophysfological f ind ings 

which occur fo l lowing l e t h a l  decompression from depths i n  the 165-175 feet  

rmge. This  mcdel f o r  decompression i s  probably appl icable t o  depths beycod 

250 feet. 

severe overcompression-decompression pressure changes needs t o  be determined. 

Whether such noteworthy surv iva l  ra tes can be obtained a f t e r  more 

Accumulation of data, making possib;e the mod i f i ca t i on  0.3 decompressioc 

t zb les  from depth (175-250 feet) on an emergency basis, contfnu35.2 t o  be 

3ur u l t ima te  goal. 

she1 f . 
Such tables may be he lp fu l  i n  explor ing thg  cont inental  
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ALTERED PULMONARY HEMODYNAM I CS FOLLOW I i4G EXPER IMENTAL 

DECOMPRESS I O N  SICKNESS 

I n  previous repor ts  1 ' 2 p 3  we have described some o f  the patho-physioiogic 

mechanisms which occur fo l low ing  experimental decompression. An i txreased 

gressure of 73.5 P S l G  was maintained f o r  60 minutes; decompression was m a w  

aced a t  the r a t e  of seven PSlG - a l e tha l  model f o r  mongrel dogs. 

An abrupt r i s e  i n  pulmonary a r te ry  pressure fo l low ing  deconipression has 

4 k e n  reported e a r l i e r .  

presence of pulmonary hemorrhage and edema o f  the pulmonary a lveo l i .  

mtrrow emboli were found occasional ly w i t h  gaseous and f a t t y  emboli. 

-,hanges were found i n  the pulmonary arter!oles.  

Histopathologic studies by our group revealed the 

Bone 

Thcse 

Subsequent studies have suggested the development o f  a s i g n i f  !cant plasma 

d e f i c i t  t o  account f o r  the  demise o f  t he  untreated animalO5 

plasma by dextran i n  dogs, or albumin i n  humans, 

and v i r t u a l l y  abolished the m o r t a l i t y  rates. 

Replacement of 
6 have s i g n i f i c a n t l y  reduced 

A new pulmonary i so top ic  scanning technic developed i n  the dog by Tap l in  

7 and h i s  group 

extent  of pulmonary embolism i s  provided by scanning the pulmonary a r t e r i o l a r  

t i see  p r i o r  t o  and immediately fo l low ing  decmpressicn. 

provided the stimulus for  t h i s  study. A methcd t o  assess the 

METHOD AND PROCEDURES 

SIxteen dogs were used i n  the  study. 

l e  Radioisotopic scanning 

One hmdred and twenty-five Mic ro-Wr ies  of R l S A  I '131 i s  injectcc! 

ic t ravenously  i n  the animals. 

with I 131 are o f  macro-aggregate size (A0 micr). 

Tne albumln p a r t i c l e s  prev iouc ly  ! d i n a r s 3  

Work by T a p l i r  and h i s  



cr=workers have demonstrated temporary blockage at the arterioiar-eapl:l;ry 

junction. A nineteen hole focusing collimater is employed. Scannir.3 i s  

?erformed c!ose to the skin .I with the focal point 33 inches below ths posterior 
rib cage. 

2. Chamber procedure 

All 16 mongrel dogs are splenectomized and allowed a 3-4 week re- 

covery period. On the day of overcompression decompression 2 animals are 

selected prior baseline scans having been previously obtained. 

The animals are anesthetized and overcompressed using a regimen 

we reported earlier. 

3. Therapeutic reglmen 

a. Control +. Following decompression one of the animals remains 

as the control while the second animal is treated with intravenous Dextrsn 

39-500 m?,  

pression, and on a daily to biweekly basis for 1-3 months. 

Post chamber lung scans are obtained 13 to 3 hrs, after decem:. 

RESULTS 

En Untreated controls 

1) Radioisotopic Lung Scan 

Ail eight animals in the control gro:Jp sxpired 1 to 6 hours 

fallowing decompression. Radioisotopiz !ung scans reveaied an increase 

in radioactivity in both lung fields. (fig. la, lb) 

2) 

(fig. 2) 

Pathologic sections revealed pulmonary hemorrhage with marked erlern?* 

b. Animals Treated following Decompression 

1 )  Baseline 

Eight animals with prior baseline scam were evaluated f o l l o w h g  



I decompression. Dextran i i u i d  replatement had kzcr: emplcyed ss deccr 

e a r l i e r ,  Cold creas were observed i n  the upper l e f t  lobar lung f i e 1  

:.Ed 

s, 

f) 

ted i n  f i g .  3a, b, c, d. 

A .cy?ical sequence o f  lung scans fo l l ow ing  dezompresslon i s  i l l u s t r a -  

Radioisotopic lung scans revealed disappearance o f  the co ld  areas 

wi th in  48 hours. ( f i g .  3c) 

A second i l l u s t r a t i v e  experiment ( f i g .  ha and 4b) also demonstrates 

a co ld  area developing several hours a f t e r  decompresslon, 

t i o n  occurred a f t e r  several days. 

12 and 33 days a f t e r  decompression (f i g e  4c and 4d). 

Again resalu- 

These changes are no ionger present 

DISCUSSION 

An abrupt r i s e  In  pulmonary a r t e r i a l  pressure fo l l ow ing  s i g n i f i c a n t  

decompression may be a t t r i b u t e d  t o  the development o f  moderate pulmonary 

ab te r io la r - cap i l l a ry  blockade. Our previous studies would suggest t h G t  tbe 

pulmonary emboli responsible f a r  the a l te red  hemodynamlc changes w e  fc t ty -  

gaseous par t ic les.  

ttte co ld  areas i n  the upper lobes. Baseline pre-chamber scans i n  these 

animals were f r e e  o f  such co ld  areas. 

The pulmonary scans demarcate areas Jf enboli  by marking 

The pulmonary emboli apparently disappear i n  the dextrac t reated animals 

w:thIn 48 hours. The exact sequence a f  events occurr ing i n  the e igh t  dogs 

s t i l i  surv iv ing two years since decompression needs t o  be elucidated. 

t h e r  studies w i t h  biopsy o f  the involved s i t e s  i s  underway. Apparently, 

maintenance of an e f f e c t i v e  pulmonary a r t e r i a l  c i r c u l a t i o n  - a mechanism 

accomplished by dextran replacement - is a major factor.  

mechanism i s  the development Gf c o l l a t e r a l  c i r c u l a t i o n  i n  the involved drew:. 

T h i s  apparently occurs w i t h i n  48 hours since the co ld  areas are no longer 

Fur= 

A second probable 



present after tnis period, A1thougli eenjectural, the development of A-V 

sl;unts initially in these areas is another distinct possibility. 

The pulmonary scan is being further evalueted in our IaboratDry. We 

believe that semi-quantitation of the scan is necessary and pcssibis. Only 

large macroscopic cold areas are detected at present, Subjecting the radio- 

active detectors (coll imators) to a variety of f i 1 terltig devices to screrzn 

out various energy levels is clearly indicated, The acquisition of such 

data which can then be evaluated by computer techniques is now underway in 

our 1 aborator ies. 

Worth mentioning are the overall objectives of this long range studyc 

We have described many of the hemcdynemic and pathophysiological findings 

which occur following lethal decompression from depths in the iG5-175 feet 

rznge, This mdel for decompression i s  probably applicable to depths beyond 

250 feet. 

severe overcompression-decompression pressure changes needs to be determined. 

Whether such noteworthy survival rates can be obtained after m w e  

Accumulation of  data, making possib;e the modification of decompression 

t&les from depth (175-250 feet) on an emergency basis, contEnuss-- to Le 

3u r  ultimate goal. 

she1 f . 
Such tables may be helpful in exploring tha  coiitinentsl 
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